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and p — > try* decays in nuclear matter. A relativistic hadronic model with mesons, 
nucleons, and A(1232) isobars is applied. A substantial increase of the widths for 
the decays u) — > 7r°7* and p — > 717* is found for photon virtualities in the range 
0.3 — 0.6GeV. This enhancement has a direct importance for the description of 
dilcpton yields obtained in relativistic heavy-ion collisions. 



[To appear in Proceedings of the 2 nd International Symposium on Quan- 
tum Theory and Symmetries, Cracow, 18-21 July 2001, E. Kapuscik and A. 
Horzela, eds., World Scientific (Singapore, 2002)] 

The experience gathered over the past years led to the conviction 
Jjaat _lhx^^^pr>£rtins pf hydrops ,-i.ip-. medium are substantially modified 
i3»MffiM This view is supported by numer- 



ous studies of hadronic Green functjn 
in-medium hadronic couplings exist 



y a few investigations of the 
25l|26||27^ p Qr ms t ance it has 



been -found that the value of the pirn coupling is considerably enhanced. In 
Ref. cB, which is the basis for this talk, we have examined the in-medium uuip 
coupling. This vertex enters the decays u> — > ir°j* and p — > irj*, which are 
important—fox. description of the dilepton production in relativistic heavy-ion 
collisions Ej-Ej. The existing calculations Eill23H have always used the unmod- 
ified (vacuum) value of the nujp coupling. We have found that the medium 
effects can significantly alter the input of such calculations, thereby modifying 
the predicted dilepton production and creating hopes for a resolution of the 
long-standing problem of the experimental dilepton enhancement in the range 
M l+l _ - 0.3 - 0.5GeV. 

In our study we use a typical hadronic model with meson, nucleon and 
A degrees of freedom, and for simplicity work at leading baryon density and 
at zero temperature. In addition, we constrain ourselves to the case where 
the decaying particle is at rest with respect to the medium. The effects of 
the relative motion turn out to be not very large til. In the vacuum the ircup 
coupling is 

- iV ^=i^e^, (1) 

-Ttt 
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Figure 1. Diagrams included in our calculation (crossed ones not shown). Wavy lines de- 
notes the p or a;, dashed lines the pions, solid lines the in-medium nucleon, and double lines 
the A resonance. 

where we have used the notation e^P® = e^ al3 p a Qi3, and F„ — 93MeV is 
the pion decay constant. In our convention Q is the incoming momentum of 
the pion, p is the outgoing momentum of the p, and q = Q — p is the outgoing 
momentum of the u). The vector mesons are, in general, virtual. For the 
kinematics where all external momenta vanish, the vector meson dominance 
models gives g^^up = — ^1^5^77, with (^77 = . The nucleon propa- 

gator in nuclear matter is decomposed into the free and density parts in the 
usual way □: 

iS(k) = iSp(k) + iSu(k) — ih^kn + m N )[— = — + 

K — m z N + is 

1 7T 

5(k a - E k )6(k F - \k\)}. (2) 



Here mjf denotes the nucleon mass, — y^rpL-zt- k 2 , and kp is the Fermi 
momentum. The Rarita-Schwinger propag atorBEafor the spin 3/2 A(1232) 
particle has the form 

(fc) = ^ k*-Ml ( ~ g + 3 7 7 + W 3 Ma } " (3) 

The effects of the non-zero width of the A are incorporated by replacing Ma 
by the complex mass Ma — iT/2. 

The diagrams used in our study are shown in Fig. 1. The density effects 
are produced when exactly one of the nucleon lines in each of the our diagrams 
of Fig. 1 involves the nucleon density propagator, Sjj. The diagrams with 
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more than one Sjj vanish for kinematic reasons. On the other hand, diagrams 
with no Sd describe the vacuum polarization effects, not considered in the 
present study devoted to the Fermi sea effect only. 

The meson-baryon vertices needed in our analysis have the standard form 



-^- = f(^-^<^)A (4) 

For the interactions involving the A resonance we use 

-iV NAap » = ig NAp (fr 5 g a » - 7 M 7V)T fc , (5) 

-iV AaA0u „ = -igUrri" - 7V M - i a g^ + rg af3 )- 

Above T a is the standard isospin | -> § transition matrix 0111100. We 
choose the following values for the physical parameters: g^ = 10.4, g p = 5.2, 
gA = 1-26, gNAn = 2.12/m w , gNA P = 2.12^/2 /m^, k p = 3.7. 

The irujp vertex has the following tensor structure in the nuclear medium 
moving with the four-velocity u: 

A pv = A x e^ pQ + A 2 e^ uQ + A 3 e pupu + A 4 e^ upQ p u (6) 
+A 5 e pupQ Q" + A^ upQ u v + A 7 e vupQ P p + A 8 e" upQ Q> 1 + A 9 e uupQ u fl . 

This structure, restricted by the Lorentz invariance and parity, is more in- 
volved than in the vacuum case ([j]) due to the availability of the additional 
four-vector u. The leading-density calculation of diagrams of Fig. 1 is 
very simple, and follows the steps of Ref. E3. First, the trace factors are 
evaluated, then is substituted by m^u^, with = (1,0,0,0) in the 
rest frame of the medium, and, finally, the loop integration is replaced by 
Q(kf — k )S(ko — Eh) — > -gzPB, where ps denotes the baryon density 



For the pion is at rest with respect to the medium, the four-vectors Q and 
u are parallel, and then A pv = ( J 4 1 +A 3 /m T )e /il/p '^. We introduce the notation 
A pu = i-f^- (s^s. + £2.b^) e"W Q , which puts the medium effects in B. Our 

results below will be presented relative to the vacuum value g V ac = g-npu, hence 
we define g cS = g npul + p Q B. 

For the processes ui — > 7r°7* and p a — > 7r°7*, where u> and p are on mass 
shell, we use the following vacuum values of the coupling constants; g^ — > p7r — 
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Figure 2. Top: |g e ff/ffvac| 2 for the decay ui — > 7*7r° at the nuclear saturation density, 
plotted as a function of the virtuality of the photon, M. Bottom: the same for the decay p. 



— 1.13 and g p —>u>-n = —0.76, obtained from the experimental partial decay 
width r^_ t7r o 7 = 717keV and r p a_ iTr a 7 = 79keV. These coupling constants 
differ from each other, as well as from g^^^p — — 9p ^ g^-y-y — —1.36 inferred 
from the ir° decay. This difference is a manifestation of form-factor effects 
related to virtuality of vector mesons. 

The numerical results are shown in Fig. 2. At low values of M the 
effective coupling constant remains practically unchanged. At higher values 
of M, above 0.2GeV, the value of g e g is much larger than in the vacuum: 
for the square of g e g we have an enhancement by a factor of ~ 2 for the li, 
and ~ 5 for the p around M — 0.4GeV. These values strongly indicate the 
possibility of large medium effects in the Dalitz decays of vector mesons. The 
enhancement of Fig. 2 directly affects the calculations of the dilepton yields in 
relativistic heavy-ion collisions. The theoretical output from the Dalitz decays 
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of vector mesons becomes enhanced in the region of 0.3 — 0.6GeV, which is 
exactly where the existing calculations have serious problems in ■ supplying 
enough strength to explain the CERES and HELIOS experiments The 
dilcpton production rate from the Dalitz decays of a vector meson is given by 
the formula E3 

dN l+l - _ f d 3 p v 3m v 

d 4 xdM*~J (2^„ /iP " , rf i »-V 1 7*^!- {') 

where v relates to the vector meson, and f(p v ) is the distribution function. 
The width r. u _ >7r o 7 « depends on the baryon density, pb, which in turn, depends 
on the space-time point x. Clearly, an increased value of r w ^ w o 7 . results in 
an increased dilepton yield. A more exact estimate requires a detailed model 
of the evolution of the fireball, and is left for a further study Ea. According 
to our analysis (cf. Fig. 3), at M m 400MeV we have r w ^ OT o 7 » « 900keV 
and Tpa^^a^* w 250keV. However, in a thermalized system due to isospin 
degeneracy the p mesons are three times more numerous, hence the effect of 
the p is comparable in size to the effect of the oj. The Dalitz yields from the 
7T° decays are not altered by the medium for a double reason: first, virtually 
all pions decay outside of the fireball due to their long lifetime, second, the 
width for this decay is practically unaltered by the medium c3. 
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